[Abstract] Most nematodes are small worms that lack enough RNA for regular RNA-seq protocols without pooling hundred to thousand of individuals. We have adapted the Smart-seq2 protocol in order to sequence the transcriptome of an individual worm. While developed for individual Steinernema carpocapsae and Caenorhabditis elegans larvae as well as embryos, the protocol should be adaptable for other nematode species and small invertebrates. In addition, we describe how to analyze the RNA-seq results using the Galaxy online environment. We expect that this method will be useful for the studying gene expression variances of individual nematodes in wild type and mutant backgrounds.
Note: This oligonucleotide anneals to all the RNAs containing a poly(A) tail. The 3' end of this oligonucleotide contains 'VN', where 'N' is any base and 'V' is either A, C or G. The two terminal nucleotides are necessary for anchoring the oligonucleotide to the beginning of the poly(A) tail and for avoiding unnecessary amplification of long stretches of adenosines.

Dissolve the oligonucleotide in TE buffer to a final concentration of 100 μM. Store this oligo at
-20 °C for 6 months. 
dNTP mix (10 mM each) (Thermo Fisher
Scientific
From
Step A1 combine 18 µl of lysis buffer with Proteinase K with 2 µl RNase inhibitor for a total of 20 µl of lysis buffer.
3. Use the lysis buffer with Proteinase K and RNasin ribonuclease inhibitor for lysing worms.
4. Set up a station for nematode collection ( Figure 1A ).
Wash nematodes three times with deionized water:
a. To wash nematodes from cultured plates, add 1 ml of water to plate.
b. Swirl the plate three times to dislodge nematodes.
c. Transfer worms with a pipette to a 1.5 ml Eppendorf tube.
d. Briefly spin down.
e. Remove supernatant and bring up to 1 ml with water.
f. Repeat Steps A5d and A5e two more times or until the water becomes clear.
6. Collect one worm using a pipette in 2 µl of water and transfer to the wall of PCR tube ( Figure   1B ). Cut the worm with 25 gauge needle ( Figures 1C-1D 12. Incubate samples on the thermocycler at 72 °C for 3 min.
13. Take samples from the thermocycler and immediately place them on ice. 5. Incubate the sample with the Ampure XP beads for 8 min at room temperature on a tube rack.
6. Make 600 μl of fresh 80% nuclease-free ethanol.
7. After incubation, place sample on a magnetic bead stand for 5 min.
Note: The beads will be bound to cDNA of interest. 14. Incubate the sample on a tube rack at room temperature for 2 min. 4. In a NEW PCR tube, add 10 μl of Tagment DNA buffer from Nextera DNA Library Prep Kit.
5. Add 2.2 μl Tagment DNA enzyme 1 from Nextera DNA Library prep Kit.
6. Set a new P20 pipette to 15 μl and mix the transposase enzyme and transposase buffer by pipetting up and down 10 times.
7. Transfer all of the mixed transposase enzyme and buffer into your cDNA and IMMEDIATELY pipette up and down at least 10 times to mix very well.
8. Place sample on the PCR block for 5 min at 55 °C to initiate the tagmentation reaction.
9. While sample is on PCR block, obtain a QIAquick DNA cleanup column, buffer PM and PE. The tagmented cDNA will be passed through this column to remove the enzyme from the DNA fragments.
10. Add 60 μl of buffer PM to the 20 μl of tagmented cDNA. Mix well by pipetting up and down until the solution becomes clear.
11. Pipette the entire volume into the QIAGEN spin column.
12. Spin the QIAGEN column down in a centrifuge at 12,470 x g for 1 min. The cDNA will stick to the white filter in the column, and the liquid will pass through into the collection tube.
13. Dump the flow-through into the trash. Place the column back inside the collection tube.
14. Add 750 μl of buffer PE to the column.
15. Spin the QIAGEN column down in a centrifuge at 12,470 x g for 1 min.
16. Dump the flow-through into the trash. Place the column back inside the collection tube.
17. Spin the QIAGEN column down in a centrifuge at 12,470 x g for 1 min.
18. Place the column into a new, clean the Eppendorf tube that is labelled with the sample name.
19. Add 30 μl of warmed EB buffer to the center of the white filter inside the column, being careful
to not touch the filter with the pipette tip or to pipette the buffer onto the walls of the column.
20. Let the column sit for 1 min.
21. Spin down the column in a centrifuge at 12,470 x g for 1 min.
22. Remove the column and keep the flow-through.
23. The flow-through is the tagmented cDNA. H. DNA library bead clean-up Follow steps described in Procedure D with the following changes:
Step D3, use 70 μl of Ampure XP beads (1:1).
2.
Step D4, add the sample (~70 μl).
3.
Step D14, add 30 μl of EB.
4.
Step D16, collect 27.5 μl of supernatant. Such tasks require access to a high performance computing cluster or online resources such as Galaxy (Afgan et al., 2016) . Galaxy provides free access to analysis tools and computing/storage resources through a user-friendly online interface. Sequencing data generated using any of the various sequencing protocols can be uploaded to Galaxy that has appropriate analysis tools available to obtain interpretable results. Here we present a detailed tutorial for uploading Steinernema carpocapsae RNA-seq data to Galaxy and obtaining gene expression levels using Salmon.
A. Creating a user account
Use of Galaxy resources requires a user account. A free user account can be obtained by registering at Galaxy. Log on to usegalaxy.org using any web browser of choice.
1. At the webpage menu click on 'Login or Register' and then 'Register'.
2. Enter a valid email address and fill in the required information.
